






















































































Glass-Ceramics

Glass-ceramics are fine-grained polycrystalline materials formed when glasses of 

suitable compositions are heat treated and thus undergo controlled crystallization 

to the lower energy, crystalline state. It is important to emphasize a number of 

points in this statement on glass-ceramics. Firstly, only specific glass compositions 

are suitable precursors for glass-ceramics; some glasses are too stable and difficult 

to crystallize, such as ordinary window glass, whereas others crystallize too readily 

in an uncontrollable manner resulting in undesirable microstructures. Secondly, 

the heat treatment is critical to the attainment of an acceptable and reproducible 

product.

Usually a glass-ceramic is not fully crystalline; typically the microstructure is 50vol% to 

95vol% crystalline with the remainder being residual glass. 



The mechanical properties of glass-ceramics are superior to those of the parent 

glass. In addition, glass-ceramics may exhibit other distinct properties which are 

beneficial for particular applications, as exemplified by the extremely small 

coefficient of thermal expansion of certain compositions in the Li2O-Al2O3-SiO2 

system which consequently are suitable for thermal shock resistant applications.

The Glass Crystallization Process 

The crystallization, or devitrification, of glass to form a glass-ceramic is a 

heterogeneous transformation and as such consists of two stages, namely a nucleation 

stage and a growth stage. In the nucleation stage small, stable volumes of the product 

(crystalline) phase are formed, usually at preferred sites in the parent glass. The 

preferred sites are interfaces within the parent glass or the free surface. The latter

(growth) is usually undesirable as the resulting glass-ceramic microstructure often 

consists of large oriented crystals that are detrimental to mechanical properties. 



Once a stable nucleus has been formed the crystal growth stage starts. 

Growth involves the movement of atoms/molecules from the glass, across 

the glass-crystal interface, and into the crystal. The driving force for this 

process is the difference in volume or chemical free energy, ΔGv, between the 

glass and crystalline states. The transport of atom/molecules across the 

interface is thermally activated with an associated activation energy ΔGa



Processing Routes for Glass-Ceramic Production 

1) Conventional Method (Two-Stage) 

The conventional method for producing a glass-ceramic is to devitrify a glass by a two-

stage heat treatment (Figure 1 (b)). The first stage is a low temperature heat treatment 

at a temperature that gives a high nucleation rate (around TN in Figure 1a) thus forming 

a high density of nuclei throughout the interior of the glass. A high density of nuclei is 

important as it leads to a desirable microstructure consisting of a large number of small 

crystals. The second stage is a higher temperature heat treatment at around 

temperature TG to produce growth of the nuclei at a reasonable rate. 



2) Modified Conventional Method (Single-Stage) 

The reason for the two-stage heat treatment of the glass is a consequence of 

the limited overlap between the nucleation and growth rate curves (Figure 1 

(a)). If there is extensive overlap of the rate curves then nucleation and growth 

can take place during a single-stage heat treatment at temperature TNG as 

indicated in Figure 2. The rate curves, particularly the nucleation rate curve, is 

sensitive to composition and hence by optimizing the glass composition it is, in 

some cases, possible to obtain the necessary overlap. 



3) Powder Methods 

The shaping by cold-compacting a powder followed by a high temperature 

heat treatment to sinter the compact is a common route for the fabrication of 

ceramics and it has been also employed for glass-ceramic production.

4) Sol-Gel Precursor Glass

So far only glasses produced from the molten state have been considered but 

in the last decades there has been considerable interest in using sol-gel and 

colloidal techniques to obtain the precursor glass in either powder or bulk 

form. 











Zerodur (notation of the manufacturer: ZERODUR®), a redistered trademark of 

Schott AG, is lithium-alminosilicate glass-ceramic. It has been used for a number of 

very large telescope mirrors With its very low CTE it can be used to produce mirrors 

that retain acceptable figures in extremely cold environments such as deep space. Its

thermal expansion coefficient is in the range of ~10-9










































